This research aims to explore the accurate incidence, severity and outcomes of dysphagia and dysphonia after Hangman fractures.
Introduction
Traumatic spondylolisthesis of the axis, termed "Hangman fractures", was firstly described by Schneider in 1965. [1] Hangman fractures are characterized by a bilateral arch fracture of the C2 vertebrae with a variable degree of displacement of the C2 corpus on C3 vertebrae, and are the 2nd most common fracture of the axis vertebra, accounting for 4% to 7% of all cervical trauma injuries. [2, 3] Extension force was regarded as the most common injury mechanism, however, flexion force has also been proven to cause such a fracture. Several classification systems have been introduced to describe Hangman fractures, whilst the 4 most accepted systems are the Effendi, Levine-Edward (which modified the Effendi classification), Josten and Francis classifications. [4] [5] [6] [7] Hangman fractures have been explored and understood for several decades but treatment strategies still remain controversial. [8] Treatment methods included nonoperative treatments such as traction and various types of external immobilization, anterior cervical discectomy and fusion (ACDF) with or without anterior plating at C2-3, posterior fixation and fusion of C2-3, posterior fixation and fusion of C1-3, posterior percutaneous transpedicular screw fixation, and an anterior-posterior union approach. [9] [10] [11] [12] [13] Different studies have presented different concepts for the treatment of Hangman fractures with approximately 40 concepts in total according to previous reviews. [8, 14] Several previous studies have attempted to compare clinical outcomes for different treatment methods which have often focused on outcomes such as a visual analog scale for neck pain, operation time, blood loss, the American Spinal Injury Association Impairment scale, the clinical posttraumatic neck score, translation of C2, local kyphotic angle and fusion rates of C2-3. [11, 15, 16] However, dysphagia and dysphonia after Hangman fractures have not been specifically investigated.
Dysphagia, defined as difficulty in forming or moving an alimentary bolus safely from the mouth to the stomach, has been reported to be associated with increased morbidity, mortality and costs in anterior cervical fusion. [17, 18] Dysphonia is also one of the most common complications following anterior cervical surgeries and it has been reported that even at 5 years after surgery, 8.9% of patients may still suffer from voice problems. [19, 20] In order to further explore the accurate incidence, severity and outcomes of dysphagia and dysphonia after Hangman fractures, a retrospective study based on 93 patients was performed.
Materials and methods
This retrospective observational study was approved by the Medical Ethical Committee of West China Hospital. Informed consent was received from all patients to participate in the study.
Patient inclusion and exclusion criteria
All patients diagnosed with Hangman fractures between December 2010 and December 2015 in our hospital were included in this study if they meet the following inclusion and exclusion criteria.
The inclusion criteria were as follows: patients who diagnosed as having Hangman fractures in accordance with the results of a standard antero-posterior and lateral radiographs, computed tomography (CT) scans, ages over 18 years, completed at least 12 months follow-up time, presented with no symptoms of dysphagia and dysphonia before fracture.
The exclusion criteria were as follows: patients with dysphagia and dysphonia before fracture; patients with fractures combined with traumatic brain injury; patients who suffered from central nervous system disorders such as stroke patients with mental or psychological disorders such as hysteria, and unconscious patients who were not capable of being evaluated for dysphagia and dysphonia.
Patient evaluations
Preoperative standard antero-posterior and lateral cervical Xrays, cervical CT and cervical magnetic resonance imaging (MRI) were obtained. The Levine-Edward classification system was used to classify and describe the fractures. [7] The ASIA scale was used for grading of neurological function. [21] All of the patients were evaluated for dysphagia and dysphonia at preoperation, and at 1 week, 1, 3, 6, and 12 months after surgery. The Bazaz grading system was used to evaluate the severity of dysphagia (0-None; 1-Mild; 2-Moderate; 3-Severe; as listed in Table 1 ). [22] The Voice Handicap Index-10 (VHI-10), a frequently used patient self-reported dysphonia evaluation system, was used for dysphonia evaluation (Table 2) . [23] Nonoperative treatments such as traction and external immobilization, ACDF, or posterior fixation and fusion of C2-3 were performed when appropriate.
Surgical techniques
For ACDF, the patient was placed in the supine position with the neck slightly extended. After general anesthesia by endo-tracheal intubation, a standard horizontal incision was made in accordance with the dermatoglyph. After successful exposure of C2-3, the anterior longitudinal ligament was resected and the C2-3 discectomy completed. Preparation of the sub-chondral endplate of the vertebral body was completed using a high speed drill and curet. When the end-plate preparation was complete, the disc space was distracted, and a 3 cortical iliac bone of suitable size or a cage fulfilled with autologous or artificial bone was implanted in the disc space of C2-3. After confirmation of the size and position, an anterior plate was placed and screws were tightened. Before wound closure, a final imaging of the device implantation was performed and the wound then was closed with drainage.
For patients who underwent posterior fixation and fusion of C2-3, they were placed in a prone position with the help of a Mayfield Cranial Fixation device under the guidance of fluoroscopic images. After general anesthesia, a standard midline incision was made to achieve the exposure of C2-3, pedicle screws were used at C2 and lateral mass screws were used at C3 under guidance of fluoroscopic images. A rod of the appropriate length was placed and connected to the screws. The masses, facet joints and laminae were decorticated for bone grafting. After bone grafting, final fluoroscopy was performed to confirm the position of the implants. The wound was then routinely closed and drainage was removed 2 days after surgery.
Statistical analysis
All statistical analysis was performed using SPSS 22.0 software (SPSS Inc., Chicago, IL). The Chi-squared test and Student t test were used when appropriate. P < .05 were considered as significant.
Results
A total of 93 patients with an average age of 47 years (ranging from 18 to 73 years) were included in this study, and amongst Table 1 The Bazaz grading system for dysphagia.
Severity
Liquid Solid Table 2 The Voice Handicap Index-10.
Questions Response
My voice makes it difficult for people to hear me 0 Posttraumatic immediate dysphagia was found in 8 patients (moderate in 2 patients and mild in 6 patients) and amongst them, 5 patients received ACDF, whilst 3 patients received nonoperative treatment in our department. In the posterior surgery group, there was only 1 (10.0%) patient who suffered from mild dysphagia which was symptomatic for 1 month following the surgery. In the nonoperative group, 3 patients suffered from mild dysphagia and the symptoms disappeared at the 3rd month of follow-up. In the ACDF group, there were 17 patients (32.1%) who suffered from dysphagia at the first week after surgery and amongst them 2 patients were severe, 5 patients were moderate and 10 patients mild. The incidence of dysphagia in the ACDF group decreased to 24.5% at the 1st month of follow-up, and decreased to 16.9% at the 3rd month of follow-up. There were only 5 and 3 patients who suffered from dysphagia at 6 and 12 months respectively after surgery in the ACDF group. The incidence of dysphagia after Hangman fractures is summarized in detail in Table 3 .
Posttraumatic immediate dysphonia was observed in 3 patients whose VHI-10 scores were 10, 14, and 16 respectively. All of the 3 patients received ACDF in our department and no patient suffered from dysphonia in the nonoperative and posterior groups. In the ACDF groups, 13 patients (24.5%) suffered from dysphonia at the first week after surgery and the number of patients suffering from dysphonia decreased to 6 patients (11.3%) at the 1st month of follow-up. During the following times, the incidence of dysphonia decreased to 3.8% at 3 months follow-up and 1.9% at the 6 months. The incidences of dysphonia after ACDF for the treatment of Hangman fractures are summarized in detail in Table 4 . A 38-year-old female patient suffered from both dysphonia and dysphagia during the 12 months follow-up after surgery and the symptoms were relieved after the patient received rehabilitation therapy in our hospital (Fig. 1). 
Discussion
Previous studies focusing on Hangman fractures have attempted to compare clinical outcomes and fusion rates between different treatment methods but have ignored complications of dysphagia and dysphonia after fractures. The main purpose of this study was to determine the accurate incidence, severity and outcomes of dysphagia and dysphonia after Hangman fractures based on recruitment of 93 selected patients. Our results showed the incidence of self-reported dysphasia after Hangman fractures was 8.6% (8 of 93 patients) and the incidence of dysphonia was 3.2% (3 of 93 patients). It was shown that dysphagia and dysphonia after Hangman fractures occur and surgeons who deal with Hangman fractures should not only focus on neurological function and the fracture itself but should also take care of the swallowing and voice function of patients.
In our opinion, the main mechanism of dysphagia after Hangman fractures results from stretch injury of the esophagus, prevertebral soft tissue and related nerves when the fracture occurred. In addition, posttraumatic edema of the esophagus and the prevertebral soft tissue may also make a contribution to posttraumatic dysphagia in patients with Hangman fractures. In some cases the huge tear-drop fracture fragments of the C2 vertebra can cause direct esophagus compression consequently leading to dysphagia. [24] The posterior approach surgery is also not free from postoperative dysphagia in Hangman fracture patients. Our results demonstrate that the incidence of dysphagia after the posterior surgical approach in Hangman fracture patients was 10.0% (1 of 10 patients), which was similar to previous studies. [25] However, the patient's symptom was completely relived at 3 months follow-up, which was different from the previously reported approx. 12% incidence of long-term dysphagia after posterior cervical spine surgery. [26] Pain from posterior neck dissection, immobilization from a cervical collar and the tracheal intubation may be the possible reasons for dysphagia after posterior cervical surgery. [26] For Hangman fracture patients who underwent C2-3 ACDF surgery, a higher incidence of dysphagia compared with posterior surgery and nonoperative treatment patients was observed in this study. The postoperative immediate incidence of dysphagia in the C2-3 ACDF surgery group was 32.1% (17 of 53 patients) which decreased to 16.9% (9 of 53 patients) at the 3rd month of follow-up, and further to 5.7% (3 of 53 patients) at the 12th month of follow-up. Previous studies have reported the following factors to be associated with higher possibility of dysphagia after anterior cervical surgery: female patients, older patients, C4-5 surgery, anterior plating, long operation time, multi-level surgery, and use of bone morphogenetic Table 3 Incidence of dysphagia after Hangman fractures at each of the follow-up times. protein. [27] [28] [29] Theoretically anterior C2-3 surgery was expected to result in a higher incidence of postoperative dysphagia due to the special location and difficult exposure which often requires a much more powerful traction strength during surgery. The Hangman fracture patients often suffered from edema of the esophagus and prevertebral soft tissue which can contribute to the occurrence of dysphagia. In addition, all of the anterior surgical patients in this study experienced anterior plating which can cause mechanical irritation or impingement against the esophagus. [30, 31] Shriver et al performed a systematic review and meta-analysis and found that the incidences of general anterior cervical surgeries at different follow-up times of <12, 12 to 24, and >24 months were 19.9% (6.0-33.7%), 7.0% (5.2-8.7%), and 7.6% (1.4-13.8%), respectively. [32] It was observed that the incidence of dysphagia after Hangman fractures in this study was similar to the incidence of general anterior cervical surgeries. However, a recent retrospective study demonstrated that upper cervical spine surgeries were one of the causes of dysphagia after operations for anterior cervical decompression and fusion. [33] Future, prospective randomized studies are required to further explore these data. Dysphonia is considered one of the most common neurologic complications after anterior cervical spine surgeries. Direct injury or surgical stretch of the recurrent laryngeal nerve during operations may contribute to the occurrence of dysphonia. Tew and Mayfield found that prolonged pressure on the nerve is the most likely cause of vocal cord paralysis in anterior cervical spine surgery. [34] Proper intubation, traction and avoidance of long time significant laryngeal displacement may decrease the incidence. [35] 
Follow-up time

Conclusion
Posttraumatic immediate dysphagia and dysphonia were observed in Hangman fracture patients, and anterior approach surgery was associated with a higher incidence of dysphagia. Most dysphagia and dysphonia were mild and gradually decreased during the subsequent 3 months following surgery. Future, prospective randomized studies with larger sample sizes were warranted to further validate the findings presented in this study. A 38-year old female patient suffered from both dysphonia and dysphagia during the 12 months follow-up after the operation. This patient presented to our hospital with a history of neck pain for 20ï¿1/2hours after being involving in a traffic accident. The physical examination of the patient showed no neurological compromises and she did not have any symptoms of dysphonia or dysphagia. The preoperative cervical X-ray (A and B) and computed tomography (CT) images (C) showed a bilateral arch fracture of C2 with a displacement of C2 corpus on C3 vertebrae. The magnetic resonance imaging (D) showed intervertebral disc injury of C2-3. The patient was diagnosed with a Hangman fracture and anterior surgery was performed. The 12 months postoperative X-ray and CT images (E-H) showed the favorable position of the plate, fusion of C2-3 and fusion of bilateral arch of C2. The patient's symptoms of dysphonia and dysphagia were relieved after rehabilitation therapy in our hospital.
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